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Electrical Services Issues for New Layout

K. Einsweiler, LBNL

Overview of non-optical services:
• Describe components

Decoupling/passives plan for modules and patchpanels:
•Where do various passive components go ?

Concepts for power cables:
•Definition of different cable types

Grounding issues:
•Where/how are different grounds connected

Shielding issues:
•How are cables shielded, the need for a commoning shield integrated with the 

pixel Global Support, and what is the shielding role of the beampipe. 
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Gr

Electronics components of pixel module:
•Front-end chip: Sixteen 7.4x11.0mm die per module, each c

pixels of size 50µ x 400µ, plus control of internal biassing an

•Module Controller chip: assembles data from 16 FE chips in
provides module level control functions and interface to opto

•Opto-electronics: Driver for VCSELs used to transmit data s
(VDC-p) and decoder for clock and command stream from U

•Power Distribution: Six supplies and one control voltage pro
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Connections inside of Bare Module (MCC+FE

•Interface to outside uses serial in, serial out, and 40 MHz cl

•Only slow control uses CMOS signals. All critical connectio

•No analog signals are required between chips. FE chips ha
and 8-bit DACs to adjust front-end bias currents and calibr
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Power Supply and Miscellaneous Con
Supplies required at module level (supplied b

•One HV supply to bias sensor.

•Two Analog LV supplies for FE chips.

•One Digital LV supply for FE chips and MCC chip.

Supplies required at half-stave/sector level (o
•One Digital LV supply for VDC and DORIC.

•One Analog LV supply for PIN diode bias. Very low current.

•One digital control voltage (VISET) to adjust the VCSEL bia

Additional signals in module interface:
•Reset is an (optional ?) slow interface to RSI pin on MCC, t

system reset from off-detector if necessary. Propose to imp
stave/sector level for now, as it is a “safety net”. It is an act
and should be heavily filtered to avoid any noise spikes ca

•NTC1 and NTC2 are connected to a precision (1%) 10KΩ N
monitor the module temperature (0603 part attached to Fle
center). These signals are sent out at the module level, and
box and digitized by the DCS system, both on-detector.



P i x e l  D o c u m e n t a t i o n ,  N o v  2 0 0 0

Grounding and Shielding,  Nov 6 2000    5 of 27

ts

and VDDA, with a 
log supplies that bias 
ower increase.

reamp. Presently, FE-
e a worst case value 
nd 300µ) pixels, 

mW) typical.

01mW) worst case.

source follower) and 
 is negligible here. 
A respectively for 
 is assumed to be 

W) typical.

61mW) worst case.
K. Einsweiler          Lawrence Berkeley National Lab

Current and Voltage Requiremen
Analog Supplies:

•Assume a nominal operating voltage of 1.5/3.0V for VCCA 
worst case operating voltage of 1.75/3.5V. Assume for ana
current is kept fixed, so increase of voltage causes linear p

•VCCA supply: provides bias current for input transistor of p
B uses about 5.5µA, and FE-C uses 10µA per pixel. Assum
of 15µA per pixel. Below, provide numbers for both 400µ (a
assuming 2880 and 3840 pixels per chip. 

•Total: 10µA/pixel at 1.5V, gives 29mA (38mA) or 43mW (58

•Total: 15µA/pixel at 1.75V, gives 43mA (58mA) or 75mW (1

•VDDA supply: provides bias current for preamp (load and 
discriminator. Also supplies other circuitry, but assume this
Presently, FE-B and FE-C use about 1.5µA, 1.5µA, and 5µ
these purposes, for a total of 8µA per pixel. The worst case
12µA per pixel.

•Total: 8µA/pixel at 3.0V, gives 23mA (31mA) or 69mW (92m

•Total: 12µA/pixel at 3.5V, gives 35mA (46mA) or 121mW (1
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Digital Supplies:
•Assume a nominal operating voltage of 3.0V for VDD, with a

voltage of 4.0V. For digital currents in CMOS chips, the sca
voltage is more complex. Charging parasitic capacitances 
dependence, whereas pull-up/pull-down resistors and over
linear dependence. For FE-B and MCC, the current increas
is roughly a factor 1.6 (quadratic would give 1.8). An increa
increases the current by about 1.25.

•VDD supply: Current for FE-B is about 18 mA at 3.0V. Add
current for sense amps in FE-D, plus some contingency to
(35mA). Below, provide numbers for both 400µ (and 300µ)
2880 and 3840 pixels per chip. Assume that the total digita
the number of pixels on the FE chip. Present MCC is abou
some contingency for new circuitry and arrive at 100mA.

•Total FE: 25mA (35mA) at 3.0V, gives 75mW (105mW) typi

•Total FE: 40mA (55mA) at 4.0V, gives 160mW (220mW) wo

•Total MCC: 100mA at 3.0V, gives 300mW typical.

•Total MCC: 160mA at 4.0V, gives 640mW worst case.
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Detector Bias Supplies:
•Assume the highest operating voltage will be 600V for the s

sensors irradiated to 1015 fluences drew 60µA for a single 
corresponding to 1mA per module. Long-term annealing sh
in the experiment, however we assume this is nominal. We
for the worst case.

•VDET supply: 

•Total : 1mA at 600V, gives 600mW typical.

•Total : 2mA at 600V, gives 1200mW worst case.
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Optolink Supplies:
•There are two chips needed to support the optolink. Both us

supply. For the DORIC, we reduce the values determined f
prototype chips since we will not use two outputs and we w
drive of the outputs since our loads are much smaller. Base
Dave White, 25mA seems a good estimate for the DORIC 
For the VDC, the current consumption is dominated by the 
which is nominally 10mA, and is 20mA worst case. For the
we always operate both VCSELs. For the supply voltage, w
always operate at the “worst case” voltage of 4.0V.

•There is a separate bias supply for the epitaxial PIN diode u
clock and control information. Irradiation studies suggest th
to 10 volts are required to get fast signals and good sensiti
full pixel fluences. 

•VVDC supply: 

•Total : 25mA (DORIC) + 15mA (25mA B-layer) (VDC) at 4.0

•Total : 40mA (DORIC) + 30mA (50mA B-layer) (VDC) at 4.0
case.

•VPIN supply: 

•Total : 10µA at 10V worst case.
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Optolink Control Voltages:
•This control voltage determines the bias current for the VCS

an additional low-current power supply channel. In the exist
voltage determines the current value, and the load corresp
or 5mA for the largest control voltage of 5V. This can be dr
DAC.

•We have tentatively agreed that even for the case of a B-lay
VCSELs would be used for greated bandwidth, both would
common VISET supply.

•VISET supply: 

•Total : 5mA at 4.0V per VDC, gives 40mW worst case.
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W 7V 1A
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W

W
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Summary of module current and power budg

Voltage Nominal 
Current

Nominal
Voltage

Nominal
Power

Worst
Current

Worst 
Voltage

Worst
Power

VCCA 460mA 1.5V 690mW 690mA 1.75V 1210m

VCCA 
(B-layer)

610mA 1.5V 920mW 920mA 1.75V 1610m

VDDA 370mA 3.0V 1110mW 550mA 3.5V 1940m

VDDA

(B-layer)

490mA 3.0V 1470mW 740mA 3.5V 2580m

VDD 500mA 3.0V 1500mW 800mA 4.0V 3200m

VDD

(B-layer)

660mA 3.0V 1980mW 1040mA 4.0V 4160m

VDET 1mA 600V 600mW 2mA 600V 1200m

Total 3900mW 7550m

Total

(B-layer)

4970W 9550m
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12V 5mA

7V 10mA
K. Einsweiler          Lawrence Berkeley National Lab

Summary of opto-board budget (assuming 6 

•Note these totals do not include power dissipation in the vo
power cables, where a total drop of 0.25V has been alloca
pigtail. In this case, the module power consumption increas
(5580mW) for the nominal cases. It increases to 8440mW 
worst cases.

•The maximum DC power to be provided by the supplies for
about 18W. The maximum voltage from the supply has bee
to 2V of drop on the cable system (1.0V supply and 1.0V re

Voltage Nominal 
Current

Nominal
Voltage

Nominal
Power

Worst
Current

Worst 
Voltage

Worst
Power

VVDC 240mA 3.0V 720mW 420mA 4.0V 1680m

VVDC
(B-layer)

300mA 3.0V 900mW 540mA 4.0V 2160m

VPIN 5V 10µA 10V

VISET 1V 10mA 4V 40mW



P i x e l  D o c u m e n t a t i o n ,  N o v  2 0 0 0

Grounding and Shielding,  Nov 6 2000    12 of 27

odule from the end of 

t is ∆V = 0.20V.

und cables for the 

to USA15, with a 
 modules/channel is 
K. Einsweiler          Lawrence Berkeley National Lab

Cable layout:
•Initial design assumed maximum ∆V = 2.0V (round-trip). 

•There are five types of cables, plus a local pigtail onto the m
stave or sector, plus the Flex hybrid itself.

•The Flex hybrid budget is ∆V = 0.05V, and the pigtail budge

•The type I and II regions (out to PP2) are proposed to be ro
large currents, and flat cables for the others.

•The remaining two types of cables go through PP3 and on 
nominal drop on each of about ∆V = 0.4V. A multiplicity of 2
assumed at the power supply end:
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Cable Components
Pigtail (length up to about 1m):

•Attaches to the Flex hybrid using wirebonds (barrel concep
concept). With new services concept, the pigtail goes from
PP0, where PP0 is mounted on the Services Support at eit
Support for the pixel detector. This makes the length of the
(worst case is B-layer) up to about 1 meter long.

•Present Flex 2 design makes optimal layout difficult. Ideally,
coupled transmission lines for all LVDS signal pairs and su
cable must be designed for minimum EMI, since it contains
clocking. Low mass design within budget of ∆V=200mV for
difficult, and present Flex 2 violates nominal ∆V=50mV bud

PP0 (located at R of about 10cm):
•Simple patch-panel to map half-stave or sector cable bundl

connectors (presently 30-pin Elco 5087). Also includes opt
transform optical versions of clock/control and data into LVD
is that this card supports 6-7 complete module opto-links (m
transformed into a single wider opto-link). 

•Do not plan to place any passive components (decoupling o
on this panel at this time, but needs further analysis.
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Type 1 cable (length now about 3m, at R of ab
•Contains low mass Flex connections for signals (Reset, NT

current supplies (VPIN, VDET). Ideally, this cable would be
(using rigid-flex technology) with PP0 and PP1 termination

•Contains Al round cable connections for power supplies wit
VDDA, VDD, VVDC). Assume this is unshielded twisted pa
analysis (twisting roughly doubles cable cross-section). Ter
cables remains a technical issue. If crimped to pins, there a
soldered, there are metallurgy issues. 

•Note in new concept with opto-daughter card serving as ha
Reset, VISET, VPIN, and VVDC traces are only present on
corresponding loss of redundancy for opto-links (can lose 6

PP1 (located at R of about 15cm):
•Basically exists to allow services disconnect at end of ID, a

conductor sizes for run out to PP2.

•In previous design, this could have contained additional filte
capacitors and transient protection (not clear that space for
location could have fewer space and material constraints, b
radiation dose constraints.

•Filtering would be additional 1206-size ceramic filters on all
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•Transient protection is more complex issue. Largest concer
to changes in module operation, there is a significant chan
consumption on one or more of the supplies for the module
dramatically change digital supply current). This can induce
transient before the power supplies can compensate. 

•For DMILL electronics (supplies in range of 3V to 4V with s
8V), there exist commercial solutions. Chose AVX Transgu
operating voltage of 3.3V) as baseline part. In an 0805 pac
energy absorption of 0.3J. Some of these parts were irradia
50MRad in May, and they survived. 

•For 0.25µ electronics (supply voltage in range of 2V with wo
voltage of 4V), protection is more difficult. Conventional tra
devices (varistors, zeners, avalanche diodes) do not provid
below 4V. There is a production from Semtech (“enhanced
diode”) which has good I/V characteristics. This is a semico
novel geometry (although it is based largely on lightly or he
so it may be radiation hard), as opposed to a ceramic devic
baseline. Parts are on order for evaluation.

Type 2 cable (length now about 3.5m, R from
•Very similar to Type 1 cable, with low mass Flex where pos

Al cable where currents are large.



P i x e l  D o c u m e n t a t i o n ,  N o v  2 0 0 0

Grounding and Shielding,  Nov 6 2000    16 of 27

ables for following 

s too difficult, they 

and twisted pair.

uon system.

hokes here on all 
 constraints on 
plies induced from 
es (parts from Pulse 

unity !

 play a large role. It is 
it is twisted.
K. Einsweiler          Lawrence Berkeley National Lab

PP2 (R about 2.5m):
•This is the transition to more conventional connectors and c

cable runs.

•If placing of passive components discussed above at PP1 i
would move out here.

Type 3 cable (length of about 25m):
•These are conventional cables, assumed to be unshielded 

PP3 (R about 3m):
•First relatively large region, located in racks just outside of m

•One concept proposed by SCT is to place common-mode c
power supplies. This has the virtue of significantly reducing
conventional cable design, and blocking most noise on sup
outside of detector. Because of residual B field, these chok
Engineering) would need to be placed in iron tubes. 

•Not clear this concept has reached attention of muon comm

Type 4 cable (length of up to 100m):
•This is the long conventional cable run, where Copper costs

not clear at what level this is shielded (if at all), or whether 
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What is needed for a cable desig
Cables and patch-panels form complex elect

•Present design needs to be completed at the most detailed
pin assignments, exact part numbers for connectors and ca
all connections, prototyping of all termination concepts, eva
components for reliability and radiation dose issues, etc... 

•Ideally, would like to work on SPICE level simulations of ca
Hybrid), including crude model for AC current transients in 
local decoupling on Flex, and any additional passive comp
Can SPICE parameters of cables be determined in lab or b

•Will be validating some aspects of design at single module 
power cables, operating with power supply prototypes, ove

•Next level of prototyping would need to involve half-stave or
3-6 modules operating together.

•Perhaps final level of prototyping would involve something l
stave prototype with 26 modules operating together.

•These prototypes will come extremely late, due to lateness 
will be little (or no) time for iteration. The design must be co
limited space, material, and financial envelopes...

•Major open question (and cost driver): what is maximum all
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Grounding and Shielding Conce
Grounding Philosophy:

•All power supplies are assumed to have individually floating
safety (resistive) ground connections are made. All ground
place inside the detector volume. The connection from the 
commoning point (see below) and the rest of ATLAS shoul
single-point connection, not the result of many random con

•Initial reference point will be connection of various grounds 
present grounds are AGnd (VDDA return, VCCA return, an
DGnd. Interconnections of these grounds can be individual
Hybrid. However, note that this hybrid does not have a gro
rather narrow ground traces, which do not even satisy our 
to limited area available in a double-sided design.

•Second reference point would naturally be connection of rele
patch panel. Imagine that this would be connection of AGn
and connection of DGnd from all modules in a service bund
option of connecting AGnd and DGnd again at this level, al
commoning point is PP1, this is not preferred. This also rai
whether the pigtails support separate grounds for each sup
conceived), or whether they implement only AGnd/DGnd pl
combined ground plane.
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•The original SCT concept is to have a shield at the outer ra
the commoning point for all local grounds, and which would
currents on these grounds around the sensitive signal path
modules. This metal cylinder does not yet exist in the mech
essential. Detailed calculations are needed for its thickness
enough that there is a significant reduction in the noise cur
module signal paths (factor of 10 ?). This implies that the re
the shunted current paths should be at least ten times lowe
for noise currents to flow through the signal paths.

•Two possibilities exist for such a commoning point. One wo
tube between PP0’s on the two ends of the detector. This h
commoning close to the detector, and of attaching the shie
Global Support. However, it is almost impossible to implem
(continuous metal layer) in this region due to mechanical c
shunt could be provided. It is also difficult to connnect from
Support down to the beampipe with the low-impedance, ph
connection needed (beampipe has large CTE compared to

•The alternative is to use the Support Tube used for installat
detector, and support of its services, as the shield. In this c
would be plated with something like 50µ of Al. It is easier to
beam pipe because the end of the Support Tube is close to
flanges. The commoning point would then be PP1, just bey
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•Expect that all service bundles (half-stave or sector level) a
overall foil wrap of maybe 50µ of Aluminum, or enclosed in
isolated) Aluminum cable trays. These shields should be c
commoning point (that is they are shielded from PP1 out). 
shields should not be in electrical contact as the cables find
the commoning point, in order to avoid additional ground lo
shields. 

•The pigtails, as well as the cables going inside from PP1 to
require shielding from the point where they enter the Supp
they connect to the individual modules, but this depends so
good low-EMI design is possible for the cables.
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ing Scheme
pipe wall:
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Summary of the Overall Grounding/Shield
Form Faraday cage from 7m long Support Tube and outer beam
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Beampipe Issues
Present baseline is double-wall beampipe:

•This design offers many advantages from grounding/shieldi
dangerous beam image currents flow on the inner wall, and
wall is available to play a significant role in defining a shield

•Beampipe concept, with both inner and outer walls of 800µ 
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Module attachment issues/comments:
•Local mechanical supports are all electrically fairly conductiv

modules are assumed to be electrically (DC) isolated from 
they are mechanically intimately coupled to them. The exac
whether or not a back-side AGnd connection to the module
needed, then the chip back-side is coupled via about 100µ
large capacitive coupling). This will connect all module grou
moderate impedance in the frequency range of greatest re
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•Shunt Shield between module and thermal structure offers 
increased isolation between modules on common thermal 
complicates the module attachment and degrades the ther
between module and cooling pipe.

Comments on back-side electrical contact wi
•The substrate of an FE chip is made out of low-resistivity (h

material. In the case of the DMILL SOI process, there is a 
layer of silicon which is on top of a buried oxide layer, and s
the transistor wells are formed is only capacitively coupled t
In the case of a deep-submicron process, there is a 2µ epit
top of a very highly doped p+ substrate, and there is a dire
wafer substrate.

•In either case, any digital noise currents flowing in the subst
potential of the wells of analog transistors, and therefore ha
affect the noise performance of the FE chip. If the back of t
substrate is instead uniformly connected to a high quality g
these noise currents will tend to follow the path of lowest im
through the substrate to the ground, and not couple into ne
circuits. Conservative practice would always connect the b

•This has been tested in earlier generations of FE IC’s (FE-B
back-side grinding (to remove native oxides), and plating w
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were then epoxied to the standard single-chip support card,
large analog ground plane under the entire FE die region. In
did we detect a significant change in noise performance for 
and without low-impedance back-side contact). For the FE-B
tested on bump-bonded assemblies from both IZM and AMS
and modules. For the FE-D1b case, this was only tested wit

•Nevertheless, particularly with the FE-I design, it is possible t
final FE designs, there will be a large difference between th
with and without the good back-side contact.

•It is very difficult to implement an elegant back-side contact s
pixel modules. A major issue with any ground plane is that a
has a much larger CTE than the carbon structure. This mea
metal pad for contacting the back-side must be divided into 
Furthermore, the present 2-sided Flex design does not cont
plane, making it more imperative that the support interface c

•For the barrel modules, there is only a modest space availab
sides, in between the FE chips, because the production bon
allows bonding the central 30 pads. In this case, one could 
tabs extending outward between FE die, and then attaching
module back-side with conductive epoxy. For the disk case,
the module sides are very minimal, forcing consideration of 
bottom for the interconnect between the two sides of the mo
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Additional issues/comments:
•It is assumed that the local mechanical supports will in gene

isolated from the relevant support shells (barrel) and suppo
should be a decent quality single-point ground connection 
of the mechanical support structure, to provide a safety gro
loops. This safety ground should be single-point connected

•For the barrel case, would prefer the connection to be on on
individual staves shunting the outer shield. If it is possible t
the two halves of a stave via the joint used in the stave fabr
very desirable. The mechanical implications of this are not 
all individual sectors are isolated from each other, and from
mechanical support, by a small PEEK insert.

•Present cooling concept involves a bi-stave (both cooling co
same end of a pair of staves) and a double (or even triple) 
case has the pair of pipes close together (few cm), but the 
pipes about 90 degrees apart in φ. This makes commoning
topologically simple, but for the disk, only one end may be 

•Finally, most of the conductors in the above discussion are 
are many issues involved in making reliable, low-resistance
conductors (their resistance must remain low over a multi-y
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Summary of Action Items
•Critical driver for cable cost is maximum allowed ∆V. If this ca

2V up to 3-4V, very substantial savings could be found. This
understanding of transient behavior of power supplies and e
transient protection scheme prototyping.

•Need to make a basic electrical characterization of carbon-ca
prototypes, to allow detailed electrical modeling of the R’s a
fully populated stave or sector structure.

•Need to make sure that evolving beampipe design includes 
contact points for construction of Faraday cage.

•Need to include appropriate metalization of new Support Tub
sure we provide a low-impedance shielding and shunting pa

•Need to begin multi-module system tests as soon as possibl
whether shunt-shields between modules and support structu
need to further explore how module attachment would be mo
is needed, back-side chip connection is needed, or both.

•Need to prototype different grounding schemes for pigtails a
length power cables. Of particular concern is the case of ba
services run out in opposite directions from the detector, wh
the services bundles is very large. The performance may de
whether or not electrical isolation can be achieved between 
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